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SUMMARY 



The effect of directicn of propeller rotation upon 
the dynaDiic lateral— stalDxlity characteristics of a t''rin— 
engine airplane n:olel equipped v/ith single vertical tails 
of three different sizes has "been investigated in the NACA 
free—flight tunnel^ The effects of flap deflection and 
amount of pov/er v/ere also studied. 

Little effect of power and of direction of propeller 
rotation upon lateral stahility was chserved for the con- 
dition of the r.odel v/ith flaps up. The principal effect 
of direction of propeller rotation for this condition v/as 
the trim ohan^Te accor.pany ing the mode of rotation in which 
"both i^ropellers turned right hand, V/ith flaps deflected-, 
hov/evG^r, power and mode of propeller rota. ; ion had a pro— 
nounced effect on lateral stability. The mode of propfil— 
lor rotation in v/hich "both "blades moved dcv;n in the center 
gave the most f:at i sf act ory dyna,mic lateral stability of the 
three moc'es of rotation investigated. The mode— of— rotation 
effects observed in these tests were correlated with force 
and air— I lev/— Burve^^ data from other sources. 

The .Tiost at i sf ac t cry- le t e r al— s t ab i li t y characteris- 
tics of the model in flight were encountered for the model 
with large vert ical— tail areas. 

INTRODUCTION 



The direction of rcta.tion of the propellers on tv/in— 
engine airplanes is becoming of greater importance because 
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of the increase in engine power and the accompanying 
effects on airplane sta"bilit7. Ilecent tests (refer--"* 
ence l) have shov/n that, although the direction of pro- 
peller rotation has a pronounced effect on "both static 
longitudinal and lateral stability, no single mode of 
potation was found to give the "best resultr^ for all con- 
ditions^ In order to provide more dnta on the subject 
and to determine the effect cf mode of propeller rotation 
on the actual flight hehavior of an airplane model, tests 
have "been conducted in the ¥ACA f r e e— f 1 i ^;;ht tunnel on a 
l/2C-scale model of the twin— engine airplane in the medium 
homher class represented in reference 1, 

Three modes of propeller rotation were investigated 
as follows: 

(1) Asymmetric propeller rotation, propeller "blades 
on hoth en.{;ines turning: right hand 

(2) Outhoard prop.::llor rotation, propeller "blades on 
hcth engines going up near the fuselage 

(5) Inhoard propeller rotation, propeller blades on 
"both engines going down near the fuselage 

In order to isolate the effect of mode of rotation for "both 
the flaps— up and the flaps— down conditions, three sizes of 
vertical tail were employed, which made it possihle to place 
the model in stability regions in which relatively small 
changes in stability could be more readily detected. The 
effect of mode of propeller rotation on the general flight 
characteristics of the model was determined with reference 
to the effects on lateral stability and control. 



APPAHATUS AlTD METHODS 



Wind Tunnel 



The tests were made in the NACA free-flight tunnel, 
a complete description of v/hich will be found in reference 
2, J'igure 1 is a photograph of the test section of the 
tunnel showing a powered model being tested in flight. 

In the flight tests, the unrestrained model flies 
freely in the tunnel under the remote control of a pilot. 
A second operator adjusts the airspeed, tunnel angle, and 
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pov/er to the motor in the model to correspond to the 
desired fli^q;h't 'c ondit^i on&. After the lateral .trim and 
1^ the longitudinal trim of the model have "been adjusted for 

^ the particular test conditions, the stability of the model 

iS\ in uncontrolled flight is observed and the effectiveness 

of the controls is determined^ Kot i on— picture records of 
flights are taken by three cameras mounted at the top, side, 



and rear of the tunnel, 

•Model . 

A threc—viev; drawing of the l/2CUscale model is pre- 
sented in figure 2 and photographs of the model are shov/n 
in figure 3, A simple wire landing gear was installed on 
the model as shown in- figure 2 to provide siifficient ground 
angle for take— off and to absorb shock in landings. Sketches 
of the three vertical tails \ised in the tests are shown in 
figxire 4o The dimensional characteristics of the airplane 
as scaled—up from model values are given in the follov/ing 
table: 

V/ i n g : 

Area^ square feet F75^9 0 

Span^ feet 72,61 

Aspect ratio , 7o80 

Root chord, inches . , ♦ , 161,13 

Tip chord, inches . . ; . 67,00 

Kean aerodynamic chord, inches 120,09 

Root section . . , . NACA 23 017 

Tip section . , NACA 440'^-R 

Percent chord line v;ith :2ero sv/eepback , . . , • o3 

Sweepback at leadin^^ edge, degrees . 4,2 

Dihedral angle, degrees 2 

Incidence, degrees 3 

Geometric twist (washout), deg^-ees 2.5 

T a,p e r r a t i 0 .2,4:1 

Juselage: 

Length, feet 5 4,5 

Section , , . . ,Dircular 

Frontal area, square feet 33,5 

Hor iz ontal tail : 

Total area, square feet 133,20 

Span, feet , 26«85 

Aspect ratio 3,94 

Dihedral angle, degrees 

For flaps— up tests , 7,5 

lor flaps— down tests , * • , .0 
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Stabilizer setting, degrees 1.5C 

Lerxgth from center line of elevator hinge to 

center of gravity of airplane, feet 33.90 

Slovatcr "balance area, square feet c 10.63 

Elevator area aft center line of hinge, 

square feet 53o00 

Vertical tail 2 

Total ar^a, square feet 74.^0 

Span, feet 10.68 

Aspect ratio . . , 1.54 

Length from center line of rudder hin^re to center 

of gravity of airplane, feet . , 27.40 

Fin area, square feet 35,66 

Rudder area, square feet ^ 39,24 

Rudder— balance area, square foet 9,14 

Rudder area aft hinge line, square foet . . . . .3 0. .TO 

(Pertinent data for tciil 1 and tail 3 are given in 
fig. 4.) 

Aileron: (one of two) 

Area aft of hinge lino, square feet 20,91 

Span, feet ... llo41 

Mean chord, inchos 17.0 

Flap: 

Total flap .area, square feet , 3 0^3 

Area aft of hinge line, square feet 65. B 

Total span, foet 33«4 

Type ...Slotted 

Th.e .mass c h^.r ac t er i s t i c s of the inodel represented a 
full— GC.al.e airplane possessing a wing leading of G6 pounds 
per square foot with the center of gravit:/ located at 21 
percent of the mean aer odynan: ic chord. The full— scale 
radii, of gyr^^tion represented by the ^nor'el loading are as 
follows: 

Radius of gyration obout longitudinal axis, kx, feet ^^.36 

Radius of gyration .about lateral axis, ky , feet. . 11.40 
Radius of gyration about normal axis, kj, foet . . 14.35 

• Elect romagnet ic mechanisiis were installed in the iiiodel 
to pro\''ide the abrupt def.l^^ct ions of .the ailerons, rudder, 
and -elovatar necessary for controlling the modal in flight. 
The aileron mechanism was adjusted to provide equal up-and- 
down movements .v^irying from ±18^ to ±20°, Rudder deflec- . 
ticns varying from ±6^^ for the. large tai.l to ±13^ for the 
small tail were used in conjunction with the ailerons to 
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proTide proper control coordination, ?or longitudinal 
contrcl, abrupt elevator deflections of ±3^^ cr ±4^ were 
s e d. ^ 

The model was powered a direct— current controllable- 
speed electric motor rated 1/3 horsepower at 15,000 rpir. , 
The motor was located betv/een the wing spars at the center 
line of the fuselage and v/as geared to each propeller at 
a rat i o of 3 ' 1 » 



The torque characteristics of the model j^^earbox unit 
were determined by Prony brake tests and the thrust of the 
propellers was measured at dynamic pressures of 0, 1,9, 
and 4cl pounds per square foot. These tests indicated that, 
in order to absorb full model pcv/er at riia:>:imumi efficiency- 
for the desired propeller speed of 5000 rpm, two different 
typt^s of propeller would be required in the tests. Single- 
blade, statically balanced propellers having a blade angle 
of 40^ at the 0.75 radius were required for the flaps-up 
tests^ ?cr the flaps— down tests, however, two-blade pro-. 
pollers having a bl.v.de an^ae of 30^ at the 0.75 radius 
werR necessary because of the reduced airspeed. 

The thrust developed in the flight tests was deter— 
mined from the difference betv^een the flight— path angle 
with power on and the angle with propellers off at the 
same lift coefficient, ^'he full-scale torque and thrust 
coefficients represented by the model are shown in fig- 
ure 5o Based on assumed full— Bcale values of propeller 
efficiency, also shown in figure 5, the model power con- 
ditions simulated 3000 full-scale brake horsepower for the 
flapr-^-up condition and 2370 full-scale brake horsepower for 
the flaps— down condition for two engines at sea levels 



Pov/er Condit ions 



SY;y,3CLS 




lilt coefficient (lift/q3) 

thrust coefficient for one engine (effective t hrus t / p V*'!)*^) 
torque coefficient for on-.: engine ( t orque/pV^D^'^) 



D 



propeller diameter 
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p density of air, slugs per cuIdIc foot 

7 free— stream velocity 

local velocity 

q[ I ree--s t r eain dynamic pressure, pounds por sq.'^iare 
foot (^^ j:V^^ 

local dynamic pressure, pounds per square foot 

q^/q ratio of local dynamic pressure at tail to free- 
stream dynamic pressure 

radius of -gyration about X— axis 
ky rr»diuo of gyration alDout Y— axis 
k2 radius of gyration about Z— axis 

rate of chanre of yawing— monent coefficient with angle 



of sideslip ( direct ional— stability factor), pe: 
radian 

v;ing area, square feet 

TESTS 



The lateral stability and control characteristics of 
the model wore investigated at windmilling and high— povrer 
conditions for three modes of propcllor rotation. All tests 
were made with each of three vertical tails and with the 
partial— span slotted flaps retracted and fully deflected. 
The flight tests were run at a lift coefficient of 0.5? 
corresponding to a tunnel velocity of 47 miles por hour for 
the flaps— ret ract ed condition and at a lift coefficient of 
1.0 corr osponi^ing to a tunnel velocity of 36 miles per hour 
for the flaps— aeflected condition. 



CRITEEI0N3 



?our criterions were utilized to ox'-aluate the resrxlts 
obtained in the free-flight tests. These results were based 
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on visual observations of the pilot and observer, and on 
motion—picture records. 

1, o t e a d i n e s j , — A '^steadiness" rating that was con— 
5 cernod chiefly with the over—all smoothness of tiotion of 

1^ the model was assigned each condition. Flights that had 

*^ smooth, gentle, and infrequent deviations from a given 

course, controls fixed, were given a high steadiness rating; 

v;hereas violently erratic flights were given a low rating. 

Visual observation of extended flights was the only method 

employed to obtain this rating. 

^* Spiral ...s tabil it y,— The sp i r al— s t ab i 1 i ty ratings 
cf the model v/ere determined by carefully trimming the 
model laterally and noting the tendency to diverge in either 
direction following a slight change in bank, caused by guests 
or control movement. A definite tendency to diverge v;as 
taken as an indication cf spiral instability. 

Adverse yaw i n .q-, . — The adverse— yawing rating is a 
function cf the aileron yawing— momen t characteristics and 
the static direct ional—stabi lity factor C^p, Inasmuch as 

the aileron— c ontrol characteristics wore held constant 
throughout the tests, the adverse yaw served as a measure 
of the static direct ional— stability characteristics of the 
m.odel, Adver se— yawing ratings v;ere obtained by pilot ob- 
servations and by mot ion— picture records of the direction 
and amplitude of yawing produced when only the ailerons wore 
used to niciintain heading. 

^ • Oscillatory directional stability. — Eatings of 
the oscillatory d ir e c t i onal— s t ab i 1 i t y characteristics of 
the model with controls fixed were obtained by visual 
observation and from mot i on- pi c ture records of the damp- 
ing of yawing oscillations induced by abrupt control de- 
flections. Conditions in which oscillations damped ou.t 
quickly were accorded high o s c i llat ory— s t ab il i t y ratings. 



HSSULTS A'^D DISCUSSIO'J 



The lateral-stability and control flight ratings are 
given in table I for all test conditions. The results for 
both the flaps— up and the flaps— down condition are given for 
lift coefficients corresponding to approximately 150 percent 
of the minimum speed for the particular condition. The thrust 
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coefficient for each engine was 0,045 for flaps up and 0,075 
for flaps down. Although this difference in thru.st coeffi- 
cient pro^balDly influenced the comparison of the two flap 
conditions, it is "believed that the principal differences 
in stability noted were due to flap position, 

Sffect of Vortical-Tail Area 

Tha oifect of decreasin-i^ fin area upon the oscilla- 
tory directional stahility (that is, damping of the yawing 
oscillations) icllowod tha adverse trends normally expected 
and is illustrated in figure 6, The typical increase in 
the period of the lateral oscillations with decrease in 
tail a,rea is clearly evident. 

In general, increasing the vertical-tail area de- 
creased the spiral stability, as was expected. This re- 
duction of stability had no adverse effect upon the flight 
"behavior of the model. In fact, increasing the vertical- 
tail area led to a narked increase in the steadiness of the 
model. Even though the model possessed a slight degree of 
spiral instability in certain cases^ flights made with the 
larger tails 1 and 2 produced the "n:rcov6d" flights desired 
by bomber pilots. 

The results plotted in figure ? show the effect of re- 
ducing the fin area upon the adverse yawing oscillations 
caused by aileron application. The customary increase of 
adverse yavj with decrease in fin area is clearly brought 
cut by these data. These results are of general interest 
because they illustrate that the appearance of instability 
maj^ under certain conditions bo brought about by the influ- 
ence of controls. 

The results of the ver t i cal— t a il~ar oa tests: followed 
expected trends and thus indicated that variation of 
vert ical— tail area could be utilized to erj^hasize the ef- 
fects of mi ode 02 propeller rotation^ 



Effect of Power 

The flight tests shelved essentially no effect of povrer 
upon the lat eral-sto.bi lit y char £• ct ar i s t ic s of the model for 
the flaps~up condition. (See table I.) For the" flaps-down 
condition, however, pov/er application resulted in an increase 
in adverse yav^ing, an increase in spiral stability, and a 
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noticea'ble reduction of oscillatory sta'oility for all 
modes of propeller rotation.. A marked reduction in the 
di roctional~s talDili ty factor Gnp was thus indicated. 

A considerable reduction in steadiness accompanied these 
LTD chcxn^os and sizable yav/ing oscillations v/ere encountered 

^7 v/ibh aileron application for model conditions that, v;ith 

^ flaps retracted, had possessed e7.cellent flight character- 

icticSo In general, for po\ver— on conditions, the lateral 

stability \'.;as considerably less with flaps dov/n than with 

flaps up 3 

Figure 8 illustrates the adverse effect of power ap- 
plication for the flaps— down condition upon the damping 
of the lateral o s c i llat i on r> of the model with controls 

fixed even for hi2:h initial values of C^^ (with verti— 

p 

cal tail 1)., The adverse effect of power for the flaps- 
down condition is also indicated in figures ^ and 10 in 
which a.re presented comparisons of values obtained from 
mot ion— pic tur 6 records of the power— on adve r s e—yav/ing 
curves v/ith the corr e spcndin.^ adver se^-yav/ing curves for 
w i n dm i 1 1 i n g conditions , 

The destabilizing effect of power application upon 
the direct ional— stability characteristics for flaps— dov;n 
flights may be chiefly ascribed to wing— nacelle stability 
character istics„ The data contained in reference 1 show 
that the xinstable m.oinent of the wings and nacelles for 
flaps— down conditions was markedly increased by power 
application for all modes of propeller rotation. 



Effect of !viOde of Rotation 

Plaps— up,- The flight tests showed little effect of 
direction of propeller rotation when the flaps wore up^ A 
study of table I reveals that the main effects of direction 
of propeller rotation were the out— of— trim changes associ- 
ated xvith the asymmetric mode (both blades turning right 
hand),, Although neither aileron nor rudder adjustm.ent from 
windm idling conditions was required for powered flight for 
the symmetric modes, about 6^ right aileron and 4^ right 
rudder v/ere required to trim, the miodel v/hen the asym.metric 
mode was employed. 

Although the stability changes v/lth mode of rotation 
were small^ a distinction between the relative merits of 
the various modes of rotatior: could be made v/hen the smallest 
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vertical tall (tail 3) v/as employed. Flights made with in-- 
'board rotation ("blades coming down near fuselage) showed 
the adverse yawing characteristics and the long— period os- 
cillations associate! v:ith low values of C^.^ and indicated 

that this mode of rotation had the most detrimental effect 
on lateral stability of the three modes investigated. It 
should "be ohserved, however, that this de st ahili ? in ^ effect 
of this mode, although di st inqui shable , was not large and 
merely caused a change in the oacillatcry flight ratings 
from C (poor) to D (unsatisfactory), 

?laps— down,— As v/as the ca^^e for the flaps—up condi- 
tion, "h'e^iTp^mmG trie mode of rotation v/as the only mode ob— 
served to cause considerable out— of— trim changes with power 
application when the flaps were lowered. The effect of mode 
of rotation upon lateral stability, however, was more cloarly 
discernible for the flaps— down tr-sts and was of much larger 
magn i t ude , 

The inboard mode cf rotation, which had induced the 
least oscillatory directional stability for flaps— up 
flights, gave tho most oscillatory directional stability 
of the three moder- of rotation when flaps v/ere lowered. 
Althoiigh this effect was largest for flights with tail 3, 
for v;hich the powcr— off stability was least, it was also 
noticeable for flights in v/hich other tails were used. 

Outboard propeller rotation (blades coming up near 
fuselage) was responsible for the largest r' e t r im.ent al 
change in oscillatory stability with pov:er observed in the 
flight tests* Upon application of power the oscillatory- 
stability rating with tail 3 was changed from rating B 
(fair) to rating L (unsatisfactory). Long— period oscil— 
la.tions further indicative cf low direct ional— stability 
factor Cn were also observed in flights for this con-^ 

dit ion^ 

The asymmetric mode, although not responsible for as 
large a change in stability as outboard rotation, gave less 
directional stability than inboard rotation and led to un- 
satisfactory lateral behavior for flights with tail o. Dur- 
ing these flights the model performed a yawing oueillation 
of constant amplitude, roughly between 0^ and 10^, flew yawed 
at two trim points, and eventually diverged in yaw to the 
extent of complotely reversing heading^ Motion-picture rec-- 
crds of tho roll and yaw characteristics during a flight at 
this condition are presented in figure 11, This figure 
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indicates that, "because of low inherent directional stabil- 
ity, the ad-verse yawing moment of the ailerons vras able to 
yaw the model past the point at which it became statically 
direct ion ally unstable^ 

A possible explanation of the effects of propeller 
rotation upon direct ional— stability characteristics has 
been devised for both flap conditions based on the air— 
flov/ patterns in the tail plane, Stuper has shown in 
reference 3 that the slipstream of a tractor propeller is 
split by the wing and is displaced laterally in the direc- 
tion of its tan.^ential velocity and reunites in a distorted 
pattern after leavin^^ the trailing edge of the win^^ This 
phenomena v;as verified by Sweberg in reference 4, in which 
are presented power-on air-flov/ surveys in the tail region 
of a twin— engine airplane equipped with left— hand propellers. 
The results of reference 4 show that the slipstream pattern 
behind a propeller and wing is practically independent of 
angle of attack or amount of power but is primarily depend- 
ent upon flap configuration for its shape^ ^ot flaps-up 
conditions this slipstream pattern eventually assumes a 
roughly elliptic shape after passing over the wing and the 
velocity regions in the tail plane are symmetrically dis- 
tributed behind the projected propeller plane. Consequently, 
little effect of direction of rotation upon the tail surfaces 
is indicated. Deflection of the flaps, however, displaces 
the slipstrea,m Jet dov/nward and distorts the dynamic pressure 
distribution into a kidney-like shape at the tail plane with 
a concentration cf high velocities on the down-going side of 
the propellers. 

In effect then, for inboard rotation", the slipstream 
velocities converge on the tail surfaces when flaps are 
lowered, whereas for outboard rotation they diverge from 
the tail. These data, when correlated with force data from 
reference 1, may be used to explain the results of the pres- 
ent tests. 

The data in reference 1 show that with flaps retracted, 
the application of power or the mode of propeller rotation 
had little effect upon the stability characteristics cf the 
wing, nacelles, and fuselage. The air-flow data of reference 
4 indicate little effect of mode of rotation upon air-flow 
patterns at the tail« Helatively little effect of mode of 
rotation upon the lateral-stability characteristics of a 
twin-engine airplane in the flaps-retracted condition should 
be expected. This premiere was confirmed by the present tests. 
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The force data of reference 1 shovr that for the flaps— 
down condition, however, pcv:er causes a large decrease in 
the direct ional— stability fsctor C;Qp for all modes of 

rotation for the wing and nacelles. Any effect of mode of 
rotation upon the directioixal stability of the airplane 
v;ould therefore oe a result of pcv/er effects on the fuse- 
lage and on the vertical tail« The effect of mode of ro- 
tation upon the directional stal^ility due to the fuselage 
is not clearly understood at present. Incomplete data in- 
dicate that fuselage effects due to mode of propeller ro- 
tation are small and similar in nature to the far larger 
effects of the vertical tail surfaces. It is therefore 
"believed th^it a sat is fac t orj^ inc.ication of the effect of 
mode of propeller rotation can "be obtained "by a study of 
its effects upon the vertical tail surfaces. 

The slipstream patterns previously discussed indi- 
cate that, "because of the inhoard shift of the high- 
velocity regions of the stipstream, in'board rotation will 

catise an increase in the direct ional— stability factor 0^0 

p 

due to the tail for small through moderately large angles 
of yav;. The value of Gn.'j for this condition should reach 
a maximum at some moderate angle of yav;, at which j)oint the 
vertical tail is partly immersed in the direct slipstream 
jet. Por outboard propeller rotation, the vertical tail 
will not enter the slipstreami jot until a much larger angle 
of yavf is reached because of the initial outboard displace- 
ment of the slipstream v/ith this propeller mode. The effect 
of the asymm.etric mode (propellers turning right hand) upon 
directional stability would be dependent upon direction of 
yaw and would lead to peak values of Cnjj at moderate posi- 
tive and at large negative angles of yav/. 

The reasoning in the preceding paragraphs appears sub- 
stantiated by existent force data^. Figure 12 presents force 
data obtained from reference 1 and from un^oublished tests 
made in the LhAL 7— by lO-foct tunnel for the flaps— down 
condition for two tvrin— engine models tested with three modes 
of propeller rotation. The lateral shift of the slips tr(=^am. 
is plainly distinguishable from these data and the variation 
of Cj^g v/ith propeller rotation is as previously discussed. 

These force data, confirm the i^revious conclusions drav/n here- 
in from the tests a,nd from hypothesis as to the advantageous 
nature of inboard propeller rotation for normal anglns of 
yaw. The-) effect of the asymmetric xiiode is also clearly de- 
fined and is similar to the effect produced by inboard j 
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propeller rotation for positive yav/ unci to the effect of 
cufboard propeller rotation for negative yo.\':., 

CO'NCLUSIOHS 



The folloi^ring conclusions are "based on resTilts of 
power— on flight tests of a ty^in— engine model ivith single 
vertical tails of throe different sizes in the free- 
flight tunnel^ Three modes of propeller rotation were 
invest igated asymrjetric rotation (propellers turning 
right hand) J out "board propeller rotation (propeller blades 
going up near the fuselage)^ and inboard propeller rota- 
tion (propeller "blades going down near the fuselage), 

1, The greatest effects of pov/er and direction of 
propeller rotation on lateral-stability characteristics 
y/ere encountered with flaps deflected, 

2. With flaps deflected, application of power de- 
creased the directional stability for the three modes of 
propeller rotation,, 

2^ The asymmetric mode of propeller rotation had a 
large effect upon lateral trim. Neither of the tv/o sym- 
metrical modes of rotation required control deflections 
for trim^ whereas the asymmetric mode required approxi- 
mately 6^ right aileron and 4^ right rudder deflections 
for straight flight. 

4, Mode of propeller rotation with flaps up had little 
effect on the lateral stability although blades coming up 

in the center gave the least reduction in oscillatory di- 
rectional stability. With flaps down, however, the rota- 
tion with blades going down in the center gave the l?.ast 
reduction in this respect. 

5, The most satisfactory dynamic lateral flight be- 
havior was encountered with models having large vertical 
t a i. 1 s , 

Langley Memorial Aeronautical Laboratory, 

i^iational Advisory Committee for Aeronautics, 
hcngley Field, 7a. 



P.ogallo, Francis , and Swanson, RolDert S, : Wind- 
Tunnel Tests of a Twin— Sn^ine Model to Determine 
the Effect of Direction of Propeller Rotation on 
the Stat ic-Stahility Characteristics. UACA A.H^B,, 
Jan^ 1P43. 

Shortal, Joseph A., and Osterhout, Cla^fton J.: Pre- 
liminary Staoility and Control Tests in the l^IACA 
Pree-Eli^^ht Wind Tunnel and Correlation v:ith Full- 
Scale Fli^-ht Tests. T.IT. l^c. 310, iTACA, 1^41. 

Stuper, J„ : Effect of Propeller SliT)strean on V/in^; 
and Tail. T.k. No. 874, NACA, 1933. 

Svrehar^', Harold H. : The Effect of Propeller Operation 
on the Air Ploiv in the Region of the Tail Plane for 
a Twin— Enf^ine Tractor Konoplane. JTACA A.E.R., Au^. 
1942o 



TABLE I 



FLIGHT RATINGS OF TWIM-ENGINE MODEL AS TESTED IN THE FREE-PLIGHT TUNNEL^ 
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rotation ^ »^ 


Stead- 
iness 


Spiral 

sta- 
bility 


Ad- 
verse 
yaw- 
ing 


Oscil- 
latory 

sta- 
bility 


Stead- 
iness 


Spiral 

sta- 
bility 


Ad- 
verse 
yaw- 
ing 


Oscil- 
latory 

sta- 
bility 


Stead- 
iness 


Spiral 

sta- 
bility 


Ad- 
verse 

yaw- 
ing 


Oscil- 
latory 

sta- 
bility 


Flaps up; = O.58; T^, = O.Oii^ per engine 


1 

( large ) 


Wind- 
mill- 
ing 


A 


B 


r 

A 


A 


A 


B 


A 


A 


A 


B 


A 


A 


Full 
power 


A 


B 


A 


A 


A 


B 


A 


2a 


A 


B 


A 


A 


2 

(medium) 


rflnd- 
mlll- 

ing J 


B 


B+ 


B-*- 


B+ 


B 


B+ 


B 


B-»- 


B 


B+ 


B 


B-»- 


Full 
power 


B 


B+ 


B 


B+ 


B 


B-^ 


B 


2b* 


B 


B^ 


B 


B-^ 


(small) 


Wind- 
mill- 
Ing 


C 


B+ 


C 


C 


C 


B 


C 


C- 


C 


B 


C 


C 


Full 
power 


C 


B-t- 


C- 


C 


c 


B+ 


C- 




D 


B+ 


D 


D 


Flaps doim; = 1.00; Tq = O.O75 P*'* engine 


1 

(large) 


Wind- 
mill- 
ing 


A 


C 


B-»- 


A 


A 


C 


B+ 


A 


A 


C 


I 

i 

A A 


Power- 
on 


B 


C+ 


B 


! 

B+ 


B 


C+ 


B- 


2b> 


B+ 


c+ 


A 


A 


2 

(medium) 


Wlnd- 
mlll- 
Ing 


B 


C+ 


B 


B-»- 


B 


C+ 




B+ 


B 


c 


B 


B"«- 


Power- 
on 


B- 


B 


B 


B- 


B- 


B 


B- 


2b. 


B 


c 


B 


B 


(small) 


Wind- 
mill- 
ing 


C+ 


B 




B 


C+ 


B 


C+ 


C 


C+ 


B 




B 


Power- 
on 


D 




D 


D 


D 


B+ 


D 


2d 


C+ 


B 


C 


C 



'Fllglit ratings: 



Rating 


Steadiness 


Spiral Stability 


Adverse yawing 


Oscillatory stability 


A 


Very steady 
flight 


Stable 


None 


Oscillations heavily 
damped 


B 


Steady 
flight 


Slightly stable 


Slight 


Oscillations moder- 
ately damped 


C 


Erratic 
flight 


Slightly unstable 


Large and 
troublesome 


Oscillations 

slightly damped 


D 


Violently 
erratic 
flight 


Unstable 


Too excessive 
for contin- 
ued flight 


Oscillations neutral 
or negatively 
damped 


■♦■ Indicates condition sli^tly better than letter designated 
Indicates condition slightly worse than letter designated 
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Figijj:..' c.- [Thr -/ic;7 draving- of l/SO-sc-^lo tv/in- online rnoiol tested 
in f re:j'-'f li^.it t-riincl. 




(b; Top view 

gure 3. - Photographs of l/20-scale model of twin engine air- 
plane tested in the NACA free-flight timnel. verti- 
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figure 4.- Sketches of three vertical tail sxirfaces us.;! on tv/iu-engine 
rnodul testei in f roe-f li.Tht tunnel. 
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i^^e 5,-- Full-scale power conditions at sea level simulated by tv; 
engine model in froe-flight tunnel tests. 
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Figure 6.- .^:ffoct of vertical area on the oscillatory-stability 

characteristics of the twin-engine airplane model tested 
in the frcc-fli-ht tunnel. Flaps down, Tc=0,0?5, outhoard rotation CA>^ , 
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Figi^re 7.- Uffect of vertical u5.il arec. on adverse ya.wing characteristics 

of twin-or.ginc siirpli'-ae moic-l. b'laps down, windrr.illing power, 
inbO'j-rd rotation • 
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Fi^ro 8.- Effect ox power on the directionc-l^sto.bility characteristics of the tvfin-on^inc 

airpla^ie r::iolcl tested in the frec-fli^?-t tunnc:!. Flaps down, ^^ortical tail 1, 
asyn^L'ietric rotation '^^'p . 
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Pi-uro 10.,- Sf-^-f^ot of pov7er on the adverse yawing characteristics of tv/in-on^-ine airplane 

mudex cas-L:5a in tho free-flight tunnel. Flaps dov/n, vertical tail 3, irhoard 
rotation / « 
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^ijairo 11.- Directional livorgcnco caused by aileron awlication. ?1-t)s do'fn r-c-,.^^o^rn - m^- 

vertical tail 3, Tc=0.076 per or.gino"." ^ ' ' 
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Fig. 12 
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Figu.re 12.- Influence of direction of propeller rotation upon tho 
ya;ang~moniont coefficient 0- of tv/o tv;in-en,^:ine models 
vn'v. Flaps-do*;/:! condition. 



